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NOTE

This is the final of a series of technical reports to the U.S.
Geological Survey describing results of studies by the California
Division of Mines and Geology of the seismic hazards of faults of the
central Los Angeles region: principally the Santa Monica, Hollywood,
Raymond, Benedict Canyon, Verdugo and Eagle Rock fault zones. Initiator
of the idea for these studies, preparer of proposals and principal
investigator for the resulting projects from 1974 until leaving state
service at the end of August 1979 is Robert L. Hill. The principal
technical reports in addition to the present one are listed under

""References Cited' (Hill and others, 1976, 1977, 1979a,b).




EARTHQUAKE HAZARDS ASSOCIATED WITH THE VERDUGC-EAGLE RCCK AND
BENEDICT CANYON FAULT ZONES, LOS ANGELES COUNTY, CALIFCRNIA

CHAPTER A

SUMMARY AND RECOMMENDATIONS

By F.H. Weber, Jr., J.H. Bennett, R.H. Chapman,
G.W. Chase and R.B. Saul

The Verdugo, Eagle Rock and San Rafael fault zones compose a
system of faults about 32 km in length that extends southeasterly
from the south edge of the Pacoima Hills at the north edge of the San
Fernando Valley to Pasadena where the San Rafael fault apparently terminates
against the Raymond fault zone. Faults of the system generally separate
pre-Late Cretaceous igneous and metamorphic rocks of the Verdugo Mountains
and San Rafael Hills on the northeast from Cenozoic sedimentary rocks and
sediments of the San Fernando Valley and other lowlands on the southwest.
At the northwest end of the system, the Verdugo fault probably bends
westward and joins the Mission Hills fault zone, although it may be
truncated by an east-trending fault (not recognized at the ground surface)

which lies between the Mission Hills and Northridge Hills faults.

Faults of the Verdugo - Eagle Rock - San Rafael system dip gently
to steeply northward, but only along the west part of the Eagle Rock fault
are dips well-defined (15-30° north). The most active segment of the

system may be the Verdugo fault between Verdugo Wash on the southeast
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and Big Tujunga Wash on the northwest, a distance of 20 km. Along

this segment of the Verdugo fault, well-defined south-facing breaks

in slope in the uppermost part of alluvial fans of late Quaternary
(including Holocene) age in the Burbank - west Glendale area bordering

the Verdugo Mountains apparently are relatively youthful fault scarps. These

scarps are 2 or slightly more meters in height but the details of their morphology

have been obliterated by development in this area. These scarps not

only lie at the base of the steepest and highest part of the Verdugo
Mountains but they also coincide with a steep gravity gradient. North-
west of these scarps, in the Sun Valley area, a sand and gravel pit

along the zone once exposed minor faults cutting very late Quaternary sand
and gravel deposits of Big Tujunga Wash at a depth of nearly 45 m

beneath the ground surface. These faults are now covered by fill.

The Benedict Canyon fault zone trends diagonally eastward through
the Santa Monica Mountains and along the north edge of the eastern-
most part of the mountains, at the south edge of the easternmost part
of the San Fernando Valley, and extends eastward toward the Eagle Rock
fault zone. The fault is part of the Hollywood - Santa Monica - Raymond
system. No surface evidence was found during this study for evaluating
the recency of activity of the Benedict Canyon fault zone. The only evi-
dence for relatively recent movement along it occurs in the subsurface
slightly east of the Santa Monica Mountains where the very gently north-
sloping base of apparently youthful ground water-bearing sediments is offset

downward relatively to the north about 125 m, based on differences in



total depth of alluvial deposits in two nearby water wells. The fault in
this vicinity coincides with a steep north-dipping gravity gradient. No
remnants of scarps or other surface features of faulting are preserved

in this part of the Los Angeles River drainage which has been in a

state of rapid aggradation during Holocene time.

This system of east-trending faults made up by the Hollywood,
Santa Monica and Raymond faults in the study area contains many sur-
face features which indicate that it has been active during latest
Quaternary (probably Holocene) time. Especially noteworthy are
east-trending, south-facing breaks in slope as high as 2-3 m that occur
along the Hollywood fault in the Atwater - Glassell Park area, which is
underlain by Holocene floodplain deposits adjacent to the Los Angeles
River Channel. These apparent scarps occur approximately above alluvial
beds that are depicted in a cross section by Williams and Wilder (1971)
to be off set downward relatively on the south side of a subsurface fault

about 35 m.

Based on offset alluvial sediments and other geologic evidence,
both the Verdugo and Hollywood fault zones are judged to have been active

during very late Quaternary (including Holocene) time. The fact that scarps

2-3 meters high are preserved in youthful alluvial sediments in a relatively

humid climate with rapid alluviation caused by voluminous sediment runoff
from the nearby mountains during heavy rains at least one winter in every

10 or 15 years is considered to be ample proof that the faults have been

active in latest Quaternary time. Also apparent is that geomorphic features

indicating very late Quaternary movement are more abundant, more pronounced

and better preserved along the eastern Hollywood and western Raymond fault
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zones than they are along the Verdugo, Eagle Rock and San Rafael fault
zones. Accordingly, it appears that, overall, the features along the
former faults are the result of larger and/or more frequent earthquakes

than those of the latter faults.

In addition, relatively recent tectonic activity in the study
area is suggested by localized changes in elevation disclosed by the
precision survey net of the City of Los Angeles. For example, repeated
surveys by the City of Los Angeles disclose that a subsidence trough
extends eastward through the North Hollywood area of the San Fernando
Valley. This trough occurs over a gravity low and may be the result of
tectonic downdropping between two concealed faults or along a syncline,
perhaps accentuated by the withdrawal of ground water. Also, additional
tectonic features, possibly active in latest Quaternary time, are in-
ferred from geologic, gravity, ground water and elevation change data

to lie beneath the alluvial surface of the eastern San Fernando Valley.

More precise zones of possible fault rupture during future
earthquakes than is shown by the present mapping could be delineated
by very detailed field mapping along faults of the study area. Such
mapping would consist of a very careful amalgamation at large scale
of geologic, elevation change, ground water and geophysical data,
augmented by trenching. Targets especially important for such
future projects are the Verdugo fault zone in the Glendale - Burbank

area and the eastern Hollywood - western Raymond fault zones in the
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Hollywood - Glassell Park - Highland Park areas. Features of surface
faulting in these areas are well-developed; and the areas are especially
populous and contain many high-rise buildings, schools, hospitals and
older, especially earthquake-prone buildings. New buildings will
continue to be constructed as older areas are redeveloped. Additional
targets of such analysis of surface features of faulting could be the
Northridge Hills and other known and possible faults of the San

Fernando Valley.
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I.  INTRODUCTION

This report summarizes the results of a study of the character
and recency of movement and accompanving geology of faults of the
north - central Los Angeles area (figures 1 and 2). The study has
been directed primarily at the Verdugo-Eagle Rock-San Rafael fault
zone, but also includes the eastern parts of the Northridge Hills
and Benedict Canyon faults, the eastern part of the Hollywood fault
zone and the western part of the Raymond fault zone. The present
report and geologic map (plate 1) succeed a preliminary report and

map published in Hill and others, 1979b (Weber, 1979b).

Geologic mapping in the study region by the writer was done
between February 1979 and July 1980. The work began with a framework
of general and specific knowledge provided by R.L. Hill. Also
helpful were the basic references to the geology of the region,
including reports by Association of Engineering Geologists (1975),
California Water Rights Board (1960, 1962; summarized by Brown,
1975), Durrell (1954), Eckis (1934), Hill and others (1976, 1977,
1979a,b), Lamar (1970), Oakeshott (1958; 1975, editor), Proctor (1974,
1975), R.T. Frankian and Associates (1968), Schnurr and Koch (1979),
Woodford and others (1954), Yerkes and others (1965) and Ziony and
others (1974). An unpublished report on the geology of the western
San Gabriel Valley area by H.E. Stark and J.E. Thompson (1970),

lent to R.L. Hill and the writer in August 1979 by Stark through the
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Figure 2. Index map showing study area and following faults that
are discussed herein: BC - Benedict Canyon; ER - Eagle Rock;
F - Forest Lawn; G - Griffith; H - Hollywcod; MH - Mission Hills;
NH - Northridge Hills; R - Raymond; SC - Sycamore Canyon; SF -
San Fernando; SR - San Rafael; SM - Santa Monica; U - Unnamed;
V - Verdugo. Additional features described in text consist of
possible concealed faults of the eastern San Fernando Valley that
are shown on plates | and 2d.
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courtesy of Cities Service 0il Company, was very useful in evaluating
the geology of the northern Repetto Hills along the south side of the
Raymond fault zone. Full titles for these and other references are

listed under '"References Cited.'

The work of Rodger Chapman and Gordon Chase (plate 2a, Bouguer
gravity map), Richard Saul (plate 2b, map of water table; and aerial
photograph interpretation) and Jack Bennett {unpublished profiles showing
elevation changes) constituted basic sources for findings developed in this
chapter. Carl ‘ouser, of Conrock, showed rock exposures and other geologic
features of the company's sand and gravel pits in Sun Valley to the
writer and R.B. Saul. C. Michael Scullin, formerly geologist for the
City of Glendale, discussed the geology of the Glendale area with the
writer, and Howard E. Stark provided an enlightening discourse on his

and J.E. Thompson's aforementioned report to the writer and R.L. Hill,

Clerical staff work for the report was provided by Wilma Ashby,
Venice Huffman, Esther NeSmith, and Sue Torres. Cartographic services
were provided by Elizabeth Lindgren and Victor Protasov, and the writer
was assisted in the drafting of Plate 1 by his daughter, Robin |. Weber.
R.L. Hill has given the writer much technical consultation both before
and after leaving state service. Edward C. Sprotte furnished data on
exploratory oil wells. Allan G. Barrows of the Division of Mines and
Geology staff very carefully and helpfully reviewed the 1979 and 1980

editions of the report. David J. Beeby made a final review.
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1t. REGIONAL GEOLOGY
A. Geomorphic setting of faults

The study area consists of groups of bedrock hills and mountains
that are separated by alluvium-filled valleys underlain by bedrock
apparently similar to that of the hills and mountains (figure 1). The
two principal highlands are the Verdugo Mountains-San Rafael Hills and
the Santa Monica Mountains, which are separated by the San Fernando
Valley. The complex pattern of faulting in the area has at least
partly influenced the development of the highland-lowland terrain
(figures 2 and 3). For example, the east-southeast trending highland
comprised of the Verdugo Mountains and San Rafael Hills has risen along
the northeast side of the Verdugo - Eagle Rock - San Rafael fault system,
and the San Fernando Valley has been downdropped to the south of the
mountains principally along the Verdugo zone of this system on the north
and along a complex system of faults on the south. These faults are only
partly exposed at the ground surface. Where they are concealed, their
presence and location are made evident or are inferred by use of geophysical,
ground water and elevation change data. One such poorly exposed fault is

the Benedict Canyon fault east of Cahuenga Pass, along the south edge of the

eastern San Fernando Valley.

The eastern part of the Santa Monica Mountains is bounded on the
south by the Hollywood fault zone, which, along with the Santa Monica fault
zone and several other structures in the area mapped, is a part of the major

structural boundary that separates the Transverse Ranges province on the north
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from the Peninsular Ranges province on the south. The eastern part of
this structural boundary within the area studied consists cf the Raymond

fault zone, which is bordered on the south by the Repetto Hills.

B. Geologic setting and offsets of rock units along faults

The oldest rocks in the region consist of Cretaceous and older
holocrystalline igneous and metamorphic rocks that make up the so-called
basement complex. These rocks are overlain by sedimentary rocks of
Late Cretaceous, Tertiary and early-mid Quaternary age, by volcanic rocks
of mid-Miocene age and by older and younger alluvial sediments of iate

Quaternary age.

1. Basement rocks. The Verdugo Mountains and San Rafael

Hills consist almost wholly of igneous and metamorphic rocks that appear
to be equivalent to rocks nearby to the north in the San Gabriel
Mountains south of the San Gabriel fault zone (mapped as Tujunga

complex by Weber, 1979a). The basement rocks in the study area consist
principally of medium to dark gray gneissic quartz diorite and diorite
and quartz dioritic and dioritic gneiss of undetermined age that are
intruded by irregularly shaped bodies of pale to medium gray equigranular
granitic rocks (grt) and accompanying pegmatite and aplite dikes. The
granitic rocks consist mostly of quartz diorite and granodiorite.
Accompanying the gneissic and granitic rocks are bodies of marble
(mostly as thin discontinuous layers; mapped as ''ma''), bodies of
quartzite (not mapped) and uncommon garnet schist and hornfels (not

mapped). Two very thin layers of graphite schist (gs) were mapped.
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An unmapped body of graphite schist that was once prospected occurs in
the eastern slope of the Verdugo Mountains (Beverly, 1934). An irregu-
larily shaped body of foliated gabbro was mapped in the westernmost La

Tuna Canyon area. The gabbro was also mapped by Johnston (1938).

In general, the foliation of the gneissic and other rocks of the
Verdugo Mountains and San Rafael Hills strikes northwesterly and dips
moderately to steeply northeasterly. The trend of foliation is generally
similar to that of rocks in the San Gabriel Mountains to the north. Most
of the marble layers occur in the northwest part of the Verdugo Mountains,
where the igneous and metamorphic complex was mapped as mm + grt (Tujunaa
complex: metamorphic rocks, including marble, intruded by granodiorite and
quartz diorite). To the southeast, where marble layers are very sparse to
absent, the basement rocks were mapped as m + grt (Tujunga complex: meta-
morphic rocks, marble very sparse to absent, intruded by granodiorite and
quartz diorite).- Only a few bodies of the intrusive granodiorite and gquartz
diorite were mapped for this study, because the boundaries of these bodies

are very difficult to ascertain without very tedious, detailed mapping.

In the Verdugo Canyon area, small areas of the foliated rocks
resemble finer-grained parts of the Lowe Granodiorite of the San Gabriel
Mountains. In particular, some of these rocks in the Verdugo Canyon areas
(localities on plate 1 designated by locality 40, Appendix 1), resemble
parts of the '"hornblende facies' (border rocks) of Ehlig (1975, figure 1)
as exposed on Mount Gleason Road and they also resemble exposures of
apparent Lowe Granodiorite observed by the writer along Upper Clamshell

truck trail at the head of Sawpit Canyon, in the San Gabriel Mountains.

The marble-bearing metasedimentary rocks of the western San Gabriel
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Mountains were named Placerita Formation by Miller (1934) who surmised,
as did Oakeshott (1958), that they are possibly Paleozoic in age. It is
not clear whether the marble, quartzite and graphite schist are inter-
layered with the gneissic rocks or whether the gneissic rocks were meta-

morphosed after being intruded into the marble and other metasedimentary

rocks.

Basement rocks of the Santa Monica Mountains (grsm) crop out
discontinuously, partly brought up to the surface by fault movements
and partly as erosional windows surrounded by overlying younger
sedimentary and layered volcanic rocks. 1In the easternmost part of
the mountains and in their probable structural continuation east of
the Los Angeles River, the basement consists principally of pale gray
granitic rocks (mostly granodiorite and quartz diorite ?), with a
much smaller proportion of metamorphic inclusions than occur in the
terrane of the Verdugo Mountains and San Rafael Hills. The basement

rocks of the eastern Santa Monica Mountains were studied by Neuerburg

(1951a) who divided them into units which he named and mapoed.

No specific evidence bearing on the amount of displacement of
the basement rocks has been uncovered during this study. Because the
rocks of the Verdugo Mountains are so similar to the rocks of the
western San Gabriel Mountains and seem nearly structurally continuous

with them across Tujunga Valley, there seems to have been very minimal

lateral offset of them along faults of the Sierra Madre and San Fernando

fault zones which separate the San Gabriel and Verdugo Mountains (figure ).

These latter rocks resemble basement rocks of the Sawtooth Mountains, in the

vicinity of Elizabeth Lake Canyon, about 40-50 km to the north of the

Verdugo Mountains, which also contain bodies of marble and graphite schist
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and were inferred to be correlative by Ehlig (1975, figure 1).

Because the basement terrane of the Verdugo Mountains and San
Rafael Hills contrasts with that of the Santa Monica Mountains, there may
be a major, if ancient, fault separating the two terranes. Such a fault
has been postulated by D.M. Morton and F.K. Miller, of the U.S. Geological
Survey, based on their regional studies of the absolute ages of the
basement rocks of the Transverse Ranges (D.M. Morton, U.S. Geological
Survey, personal communication, 1979 and 1980). This fault could be the
Verdugo - Eagle Rock fault zone or it could lie to the south of the Verdugo
fault within the San Fernando Valley. Cross section B-B' by N. Smith
(iﬂ Schnurr and Koch, 1979) shows such a fault to lie at the south edge of
the central San Fernando Valley. VYerkes and others (1965, figure 2) in-
ferred a concealed, northwest-trending fault in the east part of the San
Fernando Valley to separate the portion of the basement floor to the south,
which they estimate to lie at depths as great as 3,000 m, from the basement
floor to the north, which they indicate lies at depths of only about 1800 m

and less.

The Hollywood and Raymond fault zones are part of a major structural
boundary separating the Transverse Ranges on the north from the Peninsular
Ranges on the south. As much as 90 km of left slip of lower Miocene and
older rocks along this system has been postulated by Yeats (1968), Yerkes and
Campbell (1971, Campbell and Yerkes (1976) and others, Yerkes and others
(1965, p. A51), reiterating the work of McCulloh (1957), note the presence
of slate in a well (P21, Appendix 2, herein) in Elysian Park, south of the
Hollywood - Santa Monica fault zone. This locality is about 9 miles (15 km)
east of the largest exposure of slate of the Santa Monica Formation which lies to

the north of the fault zone in the Santa Monica Mountains. These writers state
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that this relationship suggest left lateral offset along the Hollywood -
Raymond fault system. The relative positions of slate exposed in the
Santa Monica Mountains (Figure 4, symbol SM) and in two wells (after
Yeats, 1973, figure 1) to the south of the mountains but north of the
Santa Monica - Hollywood - Raymond fault system, and in 3 wells south
of the fault system (P21, 22, 23), suggest that left slip of the slate
rocks along the fault system could be at least 25 km but not suggestive
of the 90 km postulated by Yeats (1968) and others. With regard to
vertical offset of the basement floor, Yerkes and others (1965, p. A5I)
state that it is upthrown relatively upward along the north side of the

fault system more than 7,500 feet (2,220 m) in the Beverly Hills area.

2. Upper Cretaceous to Lower Miocene rocks. Predominantly clastic,

marine sedimentary rocks (KTe) of Late Cretaceous and Paleocene age crop

out in the western part of the study area in the eastern Santa Monica
Mountains where they rest depositionally partly on granitic rocks and partly
on Santa Monica Formation (''slate'), of Jurassic age. They generally dip
north and are overlain by volcanic and sedimentary rocks of middle Miocene
age which also generally dip north (Durrell, 1954; Harding, 1952; Hardey,
1958; and Elliot, 1951). These rocks exhibit slightly more than 2.5 km

of left separation along the Benedict Canyon fault, as portrayed by

Durrell (1954), including relationships west of the present study area.



A small exposure in the Pacoima Hills of nonmarine conglomerate
faulted against gneissic rocks and overlain by volcanic rocks was mapped
by Oakeshott (1958) as Topanga Formation but the rocks there appear to
the writer to resemble Sespe Formation exposed to the west in the Simi

Valley area (where the unit is also overlain by volcanics).




Upper Cretaceous to lower Miocene rocks have been reached by
exploratory oil wells in the subsurface of the western San Fernando
Valley. In the central and eastern parts of the Valley, however,
most wells have bottomed in either granitic or gneissic basement
rocks or sedimentary rocks apparently of middle to late Miocene age.
Because Upper Cretaceous and Paleocene sedimentary rocks seemingly
underlie middle and upper Miocene rocks only in the west San Fernando
Valley and not in the east part, it seems possible that the eastern
limit of the Upper Cretaceous - Paleocene terrane of the west valley
could be offset left laterally 7 to 10 km along concealed faults of the
San Fernando Valley from its counterpart in the Cahuenga Pass area of

the eastern Santa Monica Mountains (figure 4 and plate 1).

3. Middle Miocene rocks. Layered volcanic and sedimentary

rocks of middle Miocene age are exposed widely in the study area,
including the Santa Monica Mountains and the hilly area to the east,

the southern edge of the San Rafael Hills (south of the Eagle Rock and San
Rafael faults), the easternmost Verdugo Mountains and the Pacoima Hills.
Also, they have been reached by exploratory oil wells in the north

central San Fernando Valley (Wells P 6 and 10, Appendix 2). The
volcanic rocks consist mainly of basaltic flows and flow breccias

which are exposed in the Santa Monica Mountains but not to the east.

The sedimentary rocks of this age in the eastern Santa Monica
Mountains were assigned to the Topanga Formation by Hoots (1931). This
formation was named by Kew (1923) from exposures in the Topanga area

in the western Santa Monica Mountains. |In the present study area,
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geologists have also used Kew's and Hoot's terminology. The eastern-
most Topanga Formation in the study area occurs in the vicinity of
Highland Park and Pasadena and consists of coarse to very coarse
conglomerate-breccfa (Ttcb) composed mostly of angular to subangular
clasts ranging up to 1 m in length of granitic and gneissic rocks.

The sediments were presumably derived from ancient mountainous terrain
nearby to the north and rapidly deposited southward and westward in

steep debris fans into a marihe basin which had recently opened in

middle Miocene time.

The conglomerate-breccia gradually thins westward in the Santa
Monica Mountains, where it becomes interlayered with more abundant beds of
sandstone and siltstone (Tts), beds of conglomerate (Ttc) containing
abundant rounded clasts of quartzite and metavolcanics and layers of
volcanic rocks (Tv). The conglomerate-breccia is essentially absent at
the west edge of the study area and the only coarse clastic beds there
are those of conglomerate (Ttc). Volcanic rocks of the Santa Monica
Mountains are mainly basaltic in composition and consist of pillow
breccia, flows, and volcanic conglomerate (Neuerburg, 1953; and others).
Coarse conglomerate and minor interlayered volcanics also occur at the
west end of the Verdugo Mountains where the lowermost part of the
conglomerate was mapped as Topanga Formation by Beatie (1958) and is

shown entirely as Topanga Formation (Ttc) herein on Plate 1.

Fossils are sparse in rocks of the Topanga Formation. East of
the Santa Monica Mountains, in the Adams Hill area of Glassell Park,
foraminifera and fish scales representative of the upper part of

the Luisian stage occur near the base of the Formation (Lamar, 1970,
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plate 1 and p. 19). From a nearby locality slightly higher
stratigraphically, Weldon (1955, plate 1, p. 22-23) made a collection
of poorly preserved fish scales that were identified by Richard Pierce
as representing either latest middle or late Miocene time. Fish

scales from a locality south of Cahuenga Peak in the Santa Monica
Mountains were compared by W.T. Rothwell with similar fish scales that
occur at two localities in rocks more clearly identified to be Tépanga
Formation elsewhere in southern California (Neuerburg, 1953). Foram-
ifera collected by A.L. Parmer of Caltrans from a cut made for widening
of the Hollywood Freeway, about 0.6 km southeast of the Hollywood Bowl,
and mostly stratigraphically beneath the volcanics, were dated as Luisian

by E.H. Stinemeyer (report to R.L. Hill, September 29, 1975).

Rocks of the Topanga Formation and interlayered volcanic rocks
have left separation of slightly more than 2.5 km along the Benedict Canyon
fault in the Santa Monica Mountains, approximately the same as sepération
of underlying Upper Cretaceous and Paleocene rocks. Offsets of middle
Miocene rocks along the Verdugo and Eagle Rock faults and faults of
the central San Fernando Valley have not been determined exactly.
Middle Miocene volcanic rocks in the P;coima Hills occur at an elevation
of 1,300 feet (396 m) above sea level; and in Standard 0il Company's
Woo No. 1 well (P10, plate 1), 7 km southwest oFf the Pacoima Hills,
rocks in about the same stratigraphic position occur at a depth of
7794 feet (2340 m) below sea level. In the Occidental core hole (P6),
3.7 km west of the Pacoima Hills, sedimentary rocks of Lusian age,
probably about the same age as the volcanics, occur at a depth of 7250 feet
(2175 m) below sea level. This suggests that 2,500-3,000 meters of
vertical offset of middle Miocene rocks has occurred along the Verdugo
fault in the vicinity of the Pacoima Hills. A small outcrop of sandstone

in basement rocks just north of the Eagle Rock fault near its eastern end
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may be part of the Topanga Formation; the rock is similar to sandstone in con-
glomerate-breccia terrane south of the fault; its presence suggests that lateral

displacement along the Eagle Rock fault may not be large.

In the area just to the west of the study area (secs. 7 and 18, TIS, RlL4W,
SBM), H.R. Lang and R.S. Dreesen have estimated that the nodular shale (Division E)
of the Miocene - Pliocene marine succession has left slip along the Hollywood
fault zone of between 2700 feet (810 m) and 11,000 feet (3300 m) (personal
communication with H.R. Lang, October 1980) [These researchers consider the
nodular shale to be uppermost Topanga Formation.] This estimation is based on
the rate of thickening of the Topanga Formation, dislocation of the Santa Monica
anticline and other factors, derived from subsurface studies. The dip slip
component of this offset is between 1500 feet (450 m) and 2400 feet (720 m),

down on the south side of the Hollywood fault, according to Lang and Dreesen.

L. Upper Miocene and lowest Pliocene rocks. Clastic marine sedimen-

tary rocks of late Miocene age, which lie with angular unconformity on older
rocks, are exposed in the study area around the perimeter of the San Fernando
Valley (except in the central and eastern Verdugo Mountains and the San Rafael
Hills) and in the northern Repetto Hills and Elysian Park Hills. Such rocks,
concealed by alluvium, also are common in the subsurface of the San fernando
Valley, where they have been detected in exploratory and developmental oil wells
(Schnurr and Koch, 1979; and data from California Divisions of 0il and Gas and

Mines and Geology).

In the Santa Monica Mountains, these rocks were assigned by Hoots
(1931) to the Modelo Formation (Tm) which had been named from exposures
in the Modelo Peak area of Ventura County by Eldridge and Arnold
(1907). Subsequently they have been mapped accordingly by most

geologists working in the Santa Monica Mountains, as well as in the
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Mission and Pacoima Hills and westernmost Verdugo Mountains in the
northern San Fernando Valley area (Eckis, 193hL; Durrel], 1954 ; Hardey,
1958; Harding, 1952; Terpening, 19513 Elliott, 1951; Neuerburg, 1953;
Beatie, 1958; Merifield, 1958; Oakeshott, 1958; Oakeshott, 1953;

Oakeshott, editor, 1975; and others).

In the Repetto and Elysian Park Hills, and in the Silverlake
area, near and within the Hollywood and Raymond fault zones, rocks cf
this age have been assigned to the Puente Formation (Tp) by most geologists
(Woodford and others, 1954; Eaton, 1923-2h4, 1926; Eckis, 1934; Lamar, 1970;
Soper and Grant, 1932; Stark and Thompson, i970; Taweel, 1963; Weldon,
1955; Vandiver, 1952; and others). This usage follows the work of
Eldridge and Arnold (1907), who applied the name Puente Formation to
rocks exposed in the Puente Hills. Carlson (1945), however, mapped

upper Miocene rocks in the Silverlake area as Modelo Fromation.

In general, the late Miocene marine sedimentary rocks consist of
thick successions of clay and diatomaceous shale, siftstone, beds of
massive sandstone, and very sparse (generally a thin, basal) conglomerate.
The rocks generally become finer-grained up section. Woodford and
others (1954) describe four members of the Puente Formation which, in
general, have been accepted by geologists as the basic map units of the
formation; these members are, from oldest to youngest: La Vida, Soquel,
Yorba, and Sycamore Canyon. While mapping in the northern Reppetto Hills
subsequent to Woodford and others (1954), Lamar (1961, 1970) remapped some
of the rocks of the Puente Formation as Topanga Formation, but Stark and
Thompson (1970) indicate by micropaleontological means that these rocks
(mostly siltstone, shale and fine-grained sandstone) all are late Miocene
in age and, therefore, belong to the Puente Formation. A succession of
similar rocks at the southeast end of the Santa Mconica Mountains was

mapped as Topanga Formation by Lamar (1970, plate 1) who states (p. 19)
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that W.H. Holman identified Mohnian foraminifera in them; this suggests
to the present writer that it is more likely that they belong to

either the Puente or Modelo Formation rather than the Topanga Formation.

In the eastern Santa Monica Mountains area, Durrell (1954), based
on the field work of his students (Elliott, 1951; Harding, 1952; and
others), assigned the lower parts of the Modelo Formation as mapped by
Hoots (1931) to the Topanga Formation. The present writer has tenta-
tively reassigned at least some of these rocks to the Modelo Formation
where they are exposed along Mulholland Drive; in this area they include
a thin, gently dipping bed of conglomeratic sandstone that apparentiy
overlies unconformably more steeply dipping rocks that contain conglomerate
beds with clasts different from those in the conglomeratic sandstone.
The latter clasts appear to be mostly of San Gabriel Mountains crystalline
rock types, whereas the more steeply dipping rocks contain abundant pebbles
and cobbles of slate (from the Santa Monica Formation) and quartzite and
metavolcanics. [It is possibie that some of the oldest beds of the Modelo
Formation in the study area are latest middle Miocene (upper Luisian) in
age, as they are known to be in the Thousand Oaks and Santa Susana Mouﬁtains
areas.] In the Mission Hills and the foothills of the San Gabriel Mouptains
to the east, the Towsley Formation of latest Miocene and early Pliocene age

overlies the Modelo Formation.

The upper Miocene rocks are intensely deformed where they are
exposed in the general vicinity of the Hollywood and Raymond faults
of the Santa Monica - Hollywood - Raymond fault system in the Glassell
Park - Highland Park area. In this area, the rocks are so complexly

folded and faulted that the geologic interpretation of the
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area varies considerably among workers (Baudino, 1934; Taweel, 1963;

Lamar, 1961, 1970; Stark and Thompson, 1970; and plate | of the present

report). Yerkes and others (1965, p. A51) imply that 3,500-4,000 feet
(1,070-1,220 m) of stratigraphic separation of upper Miocene rocks,

upthrown on the north side of the fault system, just west of the Los Angeles
River, is greater than maximum separation along the system to the east.

These authors also state (p. A51) that farther to the west, in the Beverly Hills
area, stratigraphic separation of the base cf upper Miocene rocks along

the fault system is 6,500 feet (1,980 m), upthrown on the north.

Rocks of probable late Miocene age are also intensely deformed
in the immediate vicinity of the Benedict Canyon fault zone in the Santa
Monica Mountains and rocks of k;own late Miocene age north of the Mission
Hills fault in the.Mission Hills are steeply folded within the Mission
Hills anticline (Oakeshott, 1958; Merifield, 1958; Barrows and others,
1975). They are also folded in the area east of the Hansen Dam (Beatie,
1958, and plate 1 herein). Structure section A-A' of Schnurr and Koch
(1979) indicates that southeast of the Mission Hills the top of the upper
Miocene rocks is displaced vertically downward to the south along the
Haddon and closely related faults in excess of 2,000 feet (600 meters
plus). Similar relationships between the Pacoima Hills and San Fernando
Valley area to the sopthwest based on surface and subsurface data, suggest
that upper Miocene rocks have been dropped downward relatively on the

southwest side of the northern part of the Verdugo fault zone in excess

of 6,000 feet (2,000 m plus).
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5. Pliocene to mid-Quaternary rocks. Rocks of this age crop

out in the northwest and southeast parts of the study area. In the
northwest, rocks of this age consist of the upper part of the marine
Towsley Formation of Mio-Pliocene age, the marine Pico Formation of
Pliocene age and the transitional Sunshine Ranch and nonmarine Saugus
Formations of Plio-Pleistocene age. On plate 1, the Towsley Formation
is combined with the Pico Formation (as Ttp) and the Sunshine Ranch

and Saugus Formations are combined (as TQs).

Rocks of this age are exposed in the Mission Hills and the foot-
hills of the San Gabriel Mountains and have been encountered in exploratory
and developmental oil wells in the northern and central San Fernando Valley.

These rocks are within the Ventura Basin.

Rocks at a locality in the Highland Park area and at a locality in
Raymond Hill have been assigned Pliocene ages .tentatively, as reported by
Lamar (1970, plate 1 and p. 31-33). These rocks contain assemblages of
marine megafossils which are probably.of Pliocene age but which could
be as old as late Miocene, according to Lamar. The fossils of probable
Pliocene age in the Highland Park ares occur along the south edge of the
Raymond fault zone. They have been assigned to the Fernando Formation by
Lamar (1970). The Fernando Formation in the Los Angeles Basin is
equivalent to the Pico Formation in the Ventura Basin. The marine rocks
(Tfm) apparently underlie nonmarine conglomerate (Tfn) (locality 10la)
which was derived from conglomerate-breccia which lies to the north.

The contact between the marine and nonmarine rocks may have left
separation of about 0.3 km along the Raymond fault, as shown on plate 1.

In the area of the Mission and Pacoima Hills, cross section A-A'
B-25




of Schnurr and Koch (1979) shows the base of a succession of Plio-
Pleistocene sediments, apparently 4,000 feet (1,200 m plus) thick, to
lie at a depth of 5,500 feet (1,650 m plus) below the ground surface,
just 1.6 km southwest of the Pacoima Hills where no-longer present
Plio-Pleistocene rocks probably once overlay late Miocene rocks and
have apparently been eroded away. These relations imply that the base
of Pliocene rocks in this area has been displaced vertically across
the north part of the Verdugo fault zone in excess of 2,000 to 2,500 m

(figure 6 and table 1).

Yerkes and others (1965) state that the base of Pliocene rocks
in the Beverly Hills area is displaced relatively upward to the north
of the Santa Monica - Hollywood fault zone about 3,000 feet (915 m)
whereas the base of upper Pliocene rocks unconformably transgresses the
faults of the zone. Hill and others (1979c, p. B27-28), however, state
that because differential subsidence occurs aiong a ground water barrier
along the trace of the Santa Monica fault, activity extended into the late
éleistocene and that ''--Holocene movement--cannot be precluded--."

Cross section A-A' (figure 10) of Hill and others (1979c) also illustrates

these relationships.

6. Upper Quaternary sediments (including Holocene alluvium

and colluvium). Alluvial deposits of late Quaternary age are widespread
in the area studied. Older alluvium (Qoa; including terrace, flcod plain
and alluvial fan deposits) occurs along the edge of the lowland areas and
older colluvium (Qoc) occurs as small remnants on hilltops and mountain
ridges. A reddish, relict paleosol developed on these deposits causes
them to be resistant to erosion and thus helps to preserve them. In the
lowland areas, where development has obscured geologic relationships,

older soils maps of the Los Angeles region prepared by the U.S. Department
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of Agriculture (Eckman and Zinn, 1917; Holmes and others, 1917; Dunn and
others, 1921) were utilized on Plate 1 to separate older alluvium

(Qoa, Qoc) from younger alluvium (Qal, Qf, Qsc, Qfp) and from alluvium (Qalo)

slightly older than younger alluvium. [On the soils maps, soils
of the Ramona series are described as developing on nonaggrading
deposits whereas soils of the Hanford and Tujunga series are developing
in areas of presently active alluvial deposits.] No estimate is made
here of the age of the older alluvial deposits (Qoa, Qoc) except that
they are probably older than 20,000 years and younger than 150,000
years. Slightly older alluvium (Qalo) could be between 10,000 and

20,000 years in age.

Modern (Holocene) alluvium (Qal, undivided) is widespread in the
study area. It includes stream channel deposits (Qsc), valley fill
and flood plain deposits (Qfp) and fan deposits (Qf). Modern alluvium
covers most of the San Fernando Valley, including drainage courses of
Big Tujunga, Pacoima and Verdugo Washes and the Los Angeles River.
The combined drainage courses have carried voluminous sediment into
the San Fernando Valley and down the Los Angeles River south of the
east end of the Santa Monica Mountains during Holocene time, as they
drain large regions of the San Gabriel, Verdugo and Santa Monica
Mountains and vicinity. [Now the sediment amount is reduced considerably
because of flood control measures implemented beginning in 1913 and largely
developed since the early 1930*s.] Alluvial fan deposits along the
base of the Verdugo Mountains are included on Plate 1 with modern fan
deposits (Qf) because they appear to be active, and, although the canyons
feeding these deposits do not drain large areas, the slopes of the

drainage areas are steep and can yield large amounts of debris during
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very heavy rainfall, especially after being burned over., Areas under-
lain by these deposits were also included with younger, non-weathered

soils by Holmes and others (1917).

Both direct and indirect evidence indicate that older alluvium and
colluvium has been faulted in some places, but the amount of offset of these

deposits along major concealed segments of the principal faults of the area

has not yet been exactly determined. Qoc appears to be offset

vertically 10 m or more across a fault that lies north of the principal
trace of the Verdugo fault zone at the south edge of the Verdugo
Mountains near the mouth of Stough Canyon (locality 32, plate 1). Cross
section H-H', plate 5C, of California Water Rights Board (1960) shows

the base of water-bearing materials [the base of Qoa (?)] to be offset
downward 500 feet (150 m) to the southwest along the Verdugo fault in

the area of Big Tujunga Wash (locality 20, plate 1). Alluvium once-
exposed at a depth of nearly 40 m (130 feet) in a sand and gravel pit

(now filled) in this area is cut by minor faults of the Verdugo fault
zone, as reported by California State Water Rights Board Staff (1960)

and Carl Houser of Conrock. This alluvium could be Holocene in age.

The base of older alluvium may be offset downward 60 m along the western
segment of the Raymond fault in the vicinity of the intersection of Eagle Rock
and York Boulevards (Schroter and Lockwood, 1960; Clements, 1960; Merrill,
1975). Modern alluvium appears to be faulted along the Verdugo fault

zone in the Burbank area where apparent fault scarps occur in alluvial

fan deposits (Qf) (locality 34, for example). Apparent fault scarps

also occur in probable younger alluvium in the Hollywood and Atwater

areas (localities 82, 92 and others).
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TABLE |

AGE OF MOST RECENT APPARENT OFFSETS ALONG FAULTS

(Localities: 'L'" numbers refer to localities on plate | and in Appendix I)
1. Holocene [less -than about 10,000 years]

1. Verdugo fault zone: Burbank-west Glendale area; southwest-
facing scarps 2-3 m in height in alluvial fan deposits along south-
west edge of Verdugo Mountains (L 31b, 34, 37 and 38).

2. Hollywood fault zone: Atwater area of City of Los Angeles;
south-facing scarps 2 m in height in alluvial deposits of Los Angeles
River drainage east of river channel (accompanied by offset alluvial
deposits at depth, based on work of Williams and Wilder, 1971) (L 92).

3. Raymond fault zone:

a. Pasadena-San Marino; Arroyo Drive Wash is diverted left-
laterally 1,400 feet (427 m) along the fault (R.L. Hill; L 110).

b. Pasadena area; well developed scarp and youthful geomorphic
features now obliterated, but described by Buwalda (1940), suggest

Holocene or very late pre Holocene Quaternary movement (L 106-112).

Il. Latest Quaternary (probably between roughly 25,000 and 75,00C years B.P.)

1. Verdugo fault zone: Sun Valley area; minor faults in sand and
gravel deposits along zone in commercial pit at 40 m level (now
covered) (L 19).

2. Hollywood fault zone: Hollywood area; apparent south-facing
scarps in alluvial fan deposits of latest Quaternary (probably Holocene)

age and in older alluvium of late Quaternary age (L 82, 85).
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Table 1 (continued)

3. Unnamed fault (L 66a): Noith Hollywood; slight, apparent,
south-facing slope break in Holocene alluvium may mark the trace
of an east-trending fault. [If a fault, the feature may belong

in group I.]

111. Late Quaternary (probably less than roughly 100,000-150,000 vears 8.P.)

1. Verdugo fault zone {and Mission Hills fault):

a. Glendale area; ground water cascade, Verdugo Wash (L 43).

b. Substantial vertical displacement (up on north) along Verdugo
fault zone in Sun Valley area of ground water-bearing alluvial deposits of
Big Tujunga Wash and along probable continuation of fault zone to northwest
(Mission Hills fault) in San Fernando area (L 3a, 8b, 9, 18a,b). 'May
belong in group 11.]

2. Eagle Rock fault zone: basement rocks are thrust south over
Topanga conglomerate - breccia with late Quaternary paleosol developad
on it (L 47).

3. Northridge Hills fault zone: apparently substantial vertical
displacement (up on north) of older alluvial deposits along well-developed
scarp-like features (L 13-16). [May belong in group Il.]

L. Benedict Canyon fault: southwest Glendale area; base of ground
water-bearing alluvial deposits apparently is offset substantially (up
on south along eastward continuation of fault (L 74b).

5. Raymond fault:

a. Pasadena-South Pasadena; at Raymond Hill, base of older
alluvial deposits is offset a maximum of nearly 115 m downward along the

south side of the fault zone (Buwalda, 1940) (L 106).
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Table 1 (concluded)

- b. Highland Park-Glassell Park; base of older alluvium may be

displaced downward along the north side of the fault zone 60 m (L 98).

IV. Middle to late Quaternary age (less than 500,000 years)

Verdugo and Mission Hills fault zones: Stratigraphic separation of

the base of Pliocene to middle Pleistocene Sunshine Ranch/ Saugus
formations aleng the Verdugo-Mission Hills fault zones may be in excess

of 2,000-2,500 m; similar stratigraphic separation of the uppermost part

of these rocks may be 1,000 m or more (L 17b).
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C. Regional tectonics and geoloéic history
I. Earliest structures. Perhaps the oldest tectonic

feature (pre-Tertiary ?) to have affected the study area and to be related
to the present fault pattern is a major fault suggested by D. M. Morton
and F.K. Miller of the U.S. Geological Survey (personal communication, 1979
and 1980) that separates the basement terrane of the Verdugo Mountains,
San Rafael Hills and western San Gabriel Mountains from the basement terrane
of the Santa Monica Mountains and the hills across the Los Angeles River
to thé east of these mountains. Based on their age dating of rocks of the
Transverse Ranges, these geologists believe that the two terranes are con-
trastingly different. In cross section B-B' by N. Smith in Schnurr and
Koch (1979) a fault separating these two terranes is depicted at the

south edge of the central San Fernando Valley.

Since early Tertiary (Paleocene) time, the major lateral displacement
of rocks in the study area has been along the Santa Monica, Hollywood and
Raymond zones, according to the work of Yeats (1968), Yerkes and Campbell
(1971) and others. These scientists infer that about 90 km of left-
lateral slip along the Santa Monica, Hollywood, Raymond and other faults
occurred during early Miocene time, separating rocks now of the Santa Monica
Mountains on the northwest and rocks of the Santa Ana Mountains on the

southeast.
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The latter relationship is shown in Figure 4, from which can be seen that
it is possible for there to have been 25 km of left separation or more of

these rocks along the fault.

Thus it seems that the oldest faults of the Santa Monica-Hollywood-
ﬁaymond system may date back at least to middle Miocene time. A very
prominent, steep gravity gradient along the western part of the zone
(plate 2a herein) also may reflect the dominance and longevity of the
fault zone. East of the Los Angeles River, however, the gravity gradient
weakens and veers east-southeastward away from the Raymond fault just east
of Arroyo Seco. In the Highland Park area, Stark and Thompson (1970) do
not show the major vertical offset of the basement rocks occurring along
the east-trending Hollywood or Raymond faults but along their Highland
Park fault (see figure 4) which extends east southeasterly from near the
east end of the Hollywood fault toward the south-central San Gabriel Valley.
This fault, although no longer active, displaces upper Miocene rocks,
according to Stark and Thompson (1970), so that its relationship to

older structural features is ambiguous.

Another regional relationship shown in Figure 4, which has implications
to possible middie Miocene and/or slightly older fault movement, is the
terrane containing Upper Cretaceous and lower Tertiary (Paleogene)
sedimentary rocks which is separated relatively abruptly from terrane to the
east not containing these rocks. This northerly trending change in lithology
is reasonably well defined in the Santa Monica Mountains and less well-
defined in the San Fernando Valley where two exploratory wells shown on

Figure 4 reached the crystalline basement floor beneath upper or middle




Miocene rocks. The contact can be inferred to be offset left laterally
slightly more than 5 km along the Benedict Canyon and perhaps other faults.
South of the Hollywood, Raymond and Santa Monica zones in the study

region Upper Cretaceous and Paleocene rocks apparently do not occur.

2, Modern geologic history. The origin of sedimentary rocks
of Late Cretaceous through early Miocene age in the study region surely
seems to be unrelated to that of later sedimentary and volcanic rocks,
as judged by clast content and other sedimentary features. The modern
geologic history seems to have begun during middle Miocene (Luisian ?)
time with deposition in a southerly and westerly direction of coarse
debris of the Topanga Formation along the steep edge of the sea. This
was accompanied by extrusion of volcanic flows and breccias in the western
part of the study area and gradual deepening of the sea, implied by the
deposition of the siltstone and shale during latest middle Miocene and
late Miocene time. The volcanic episode preceded the earliest move-

ment on the Verdugo, Mission Hills, Benedict Canyon and related faults.

3. Speculations on detachment faulting. It seems possible
that at least as far back as middle Miocene time, the ancestoral San
Gabriel Mountains could have yielded masses of basement rocks, perhaps
as large as 5 to 10 km or more in longest dimension, that became detached
from the mountains and then moved southward by sliding (gravity ''faulting'’).
Large masses of basement rocks are thrust~faulted at very, very low angles
over Plio-Pleistocene Saugus Formation in the San Gabriel Mountains north
of the study area; perhaps as long ago as middle Miocene time such masses
of rock could have been thrust into unstable positions, resulting in the

sliding of very large detachment blocks. Part of the Verdugo Mountains
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contains very brecciated basement rocks, possibly indicating that they
have moved by sliding. The finding of such blocks ''floating' within
younger sedimentary rocks could be of great value in estimating both
lateral andlvertical offsets along faults and comprehending the sig-
nificance of gravity faults perhaps would help to better understand the
general state of activity of faults of the region. Late middle Miocene
detachment faults are a primary structural feature that have been postu-

lated to the west in the Santa Monica Mountains by Campbell and others

(1966) .

N. Smith, in a small-scale cross section based on geologic and
geophysical data, in Schnurr and Koch (1979), show the Pacoima Hills
block (including basement rocks) to be underlain by very low angle
faults above a great thickness of Miocene marine sediments. implying
that the block could have been implaced by gravity faulting. However,
the basement rocks of the Pacoima Hills appear from geologic evidence
(plate 1) to be physically connected to similar rocks of the Verdugo
Mountains and it is not clear to the writer whether Smith's cross section
implies also that the entire mass of the Verdugo Mountains are also
underlain by younger rocks. Oliver and others (1975, p. 206) show Upper
Cretaceous sedimentary rocks reaching a depth of 20,000 feet (6,000 m)
below sea level between Hansen Dam and the San Gabriel Mountains. |If
the Verdugo Mountains are a detachment block, perhaps the Verdugo fault
originated as a detachment fault, helping to explain why it has a north-
westerly trend, in contrast to the easterly trend of most of the

apparently active faults of the study area.
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L. Marine recession. The sea reached its maximum eastern
and northern extent in the Los Angeles region during late Miocene
time and then began to recede. The presence of a very late Miocene
or early Pliocene shoreline on basement rocks [at an elevation today
of 2800 feet (840 m)] at the southwest end of the San Gabriel Mountains
(Weber, 1975, on plate 2 by Barrows and others, in Oakeshott, editor,
1975) indicates that the western end of the San Gabriel Mountains had
not been elevated at that time (approximately 5,000,000 years ago) and
major uplift along the eastern Santa Susana, San Fernando and western

Sierra Madre fault zones probably has taken place since that time.

5. Implications of drainage history. Development of the
present pattern of faulting in the study area may have taken place in
relatively recent time, perhaps within the last 500,000 to 1,000,000
years(?), or late Quaternary time. One clue to the recency of initiation
of certain faults may lie in the implications of ancient, concealed
drainages (plate 2c) that extend westward from (1) Verdugo Wash (herein
named ancient Verdugo drainage), (2) Big Tujunga Wash (herein named
ancient Tujunga drainage), (3) Cahuenga Pass (herein named ancient
Cahuenga drainage), and (4) Los Angeles River (north of Los Feliz

Boulevard). These ancient drainages (canyons or washes) were once
westward continuations of presently active drainages whose trend
in the San Fernando Valley is now southeasterly and southerly.
The rivers from these drainages once may have flowed into

the ancient Santa Clara River drainage, perhaps west-northwestward

B-36



through San Fernando Pass (elevation now 1,600 feet, 480 m) or westward
through Simi Pass (elevation now 1,600 feet, 480 m) into the Simi Valley.
Now they flow southward and southeastward into the Los Angeles River at
the east end of the Santa Monica Mountains. [The bedrock floor of the
alluvial sediments along the stretch of this river between the north-
eastern corner of the Santa Monica Mountains and the Hollywood fault
zone actually is inclined northward, reflecting the flow direction of
the ancient drainages. In other words, a drainage divide occurred not
long ago in the geologic past in the vicinity of Los Feliz Boulevard,
where it crosses the Los Angeles River, with only the land south of this
point draining southward. Likewise, a drainage divide occurred in

west”
Verdugo Pass, with drainage north of the pass flowing west nortnyard

into the Big Tujunga Wash drainage and the drainage to the south
flowing westward into ancient Verdugo drainage. ] Additionally,
Clements (1960) theorized that ancient Arroyo Seco flowed westward
along York Boulevard from South Pasadena, explaining the substantial
thickness of alluvium along the western part of the Raymond fault.

If this reasoning is correct, the ancient Arroyo Seco may have flowed

west-northward into the ancient drainages of the San Fernando Valley.

It is not clear when the ancient drainage pattern changed, for it
appears to be offset downward considerably along the Mission Hills
fault on the southeast relative to the Mission Hills and vicinity on
the northwest. It is possible that the ancient drainage system could
have existed as recently as during the time when the present older
alluvium and colluvium of the study area was deposited. This could

make the system possibly as young as 100,000 or 200,000 years old, with
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vertical displacement of perhaps 100 - 300 m or more on the Mission

Hills and associated faults occurring since that time. Surely the faulting
occurred after deposition of the nonmarine Saugus Formation ceased,
perhaps 500,000 years ago, because deposits of that formation were

dropped more than 300 - 500 m on the south side of the Mission Hills

fault during what has been referred to as the Pasadenan Orogeny (Bailey,
1943; Bailey and Jahns, 1954; and others). [Deposits of the Saugus
Formation deposited slightly above sea level now can be found along the
crest of Oakridge, a westward continuation of the Santa Susana Mountains,
at an elevation of nearly 3,000 feet (900 m). The Santa Susana Mountains,

lie just northwest of the study area.]

During the time that the ancient drainage system existed, Verdugo
Canyon apparently lay along the base of the ancient Verdugo Mountains,
which even then were being uplifted relatively along the Verdugo fault.
This is probably the oldest fault of the San Fernando Valley area,
which is also implied by the great difference in elevation between the
location of the basement surface in the Verdugo Mountains [3,000 feet
(900 m) in elevation] and the bottom of the basement surface southwest
of the fault in the vicinity of Verdugo Canyon [now perhaps lower than
2,000-3,000 feet (600-900 m) below sea level] (figure 7). [Based on
gravity studies, Corbato (1963, p. 1) states that the basement probably
occurs at depths greater than 14,000 feet (4,270 m) in the central part
of the valley, but this seems too deep, because exploratory oil wells
P12 and P13 apparently reach basement in the north Van Nuys area at
depths below sea level of about 4,200 feet (1,280 m) and 3,100 feet
(950 m) respectively.] Rocks also may have been downdropped considerably
along the north side of the Benedict Canyon fault at the east end

~of the San Fernando Valley during post-Saugus time.
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6. Latest Quaternary (Holocene) events. Relative uplift
of the Verdugo Mountains along the Verdugo fault has continued into
recent time as demonstrated by the scarps in Holocene alluvial fan
deposits along the southwestern edge of the Verdugo Mountains. Sim-
ilar relative displacement has continued along the Hollywood fault in
youthful alluvial deposits of the Los Angeles River - Verdugo Wash
drainage system. Geomorphic features elsewhere along the Hollywood
and Raymond fault zones also indicate tectonic activity continuing
into modern time. Likewise, both known and inferred structural features
beneath alluvium of the San Fernando Valley area appear to be active.
Subsidence along an east-trending axis in the North Hollywood area
may be a function of faulting or possibly continuing development of a

syncline possibly associated with faulting.

B-39




111, DISCUSSION OF INDIVIDUAL FAULTS
A. Verdugo-Eagle Rock-San Rafael fault zone

1. Verdugo segment and Mission Hills fault. In a region
where individual faults cannot be traced precisely with confidence for
great distances, the faults of the Verdugo zone are no exception; but
what makes the Verdugo segment imposing is the apparently substantial
vertical displacement along it, as implied by the uplifted basement rocks
of the Verdugo Mountains and the downdropped San Fernando Valley block in
the Burbank area. Apparent scarps facing southwest in alluvial fan
deposits (localities 33 to 37) in the Burbank area express the most youth-
ful disruption of the ground surface by faulting (figure 5). A linear
zone of steep gravity gradient (Chapman and Chase, plate 2a, herein) is
interpreted as coinciding with the fault at depth. In addition to the
scarps, older colluvium (Qoc) has been displaced downward relatively on
the south against basement on the north along a north branch of the
Verdugo fault (locality 32). The spacing and number of scarps indicate that
the width of the zone of faulting at the ground surface may be about 0.5 km
at locality 37 and perhaps nearly 1.0 km in the vicinity of localities 34

and 35.

The scarps described in the previous paragraph occur about 3 km
southwest of the highest part of the Verdugo Mountains [slightly higher
than 3,120 feet (950 m)]and immediately to the west of an area of the

San Fernando Valley where the alluvium may exceed 1,000 feet (300 m) in depth
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